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FACTORS FOR CONVERTING INCH-POUND UNITS TO METRIC UNITS

For readers who prefer S| (International System of Units) units
rather than inch-pound units, the conversion factors for the terms used
in this report are listed below:

——— - — - — - — " - W D > D "

To convert from To Mul +iply by
Length
inch (in.) millimeter (mm) 25.4
foot (f+) meter (m) 0.3048
mite (mi) kilometer (km) 1.609
Area
square foot (ft+2) square meter (m?2) 0.0929
acre square meter (m?2) 4,047
square hectometer (hm?) 0.4047
square mile (mi?) square kilometer (km?2) 2.590
Volume
cubic foot (ft+3) cubic meter (m3) 0.02832
gallon (gal) cubic decimeter (dm?®)) 3.785
million gallons (Mgal) cubic meter (m?3) 3,785
Specific combinations
foot per day (ft/d) meter per day (m/d) 0.3048
foot squared per day (ft2/d) meter squared per day (m?2/d) 0.929
gallon per minute (gal/min) cubic decimeter
per second (dm3?/s) 3.785
gallon per minute per foot cubic decimeter per second
(gal/min)/ft per meter (dm3/s)/m 12.418
million gallons per day cubic meter per day (m®/d) 3,785
(Mgal/d) cubic meter per second (m3/s) 0.04381

degree Fahrenheit (°F)

Temperature

degree Celsius (°C)

n

(1) Temp °C = (temp °F-32)/1.8.



GLOSSARY

Aquifer.--A geologic formation, group of formations, or part of a
Formation that contains sufficient saturated permeable material to
yield or be capable of yielding usable quantities of water to wells
and springs.

Drawdown.--The lowering of the water level in an aquifer during pumping.
The difference in altitude between the static water level and the
pumping level,

Ground water, confined.--Ground water that is under pressure
significantly greater than atmospheric, and its upper limit is the
bottom of a bed of distinctly lower hydraulic conductivity than
that of the material in which the confined water occurs.

Ground water, perched.--Perched ground water is separated from an
underlying body of ground water by an unsaturated zone. Perched
ground water is held up by a low permeability bed.

Ground water, unconfined.--Water in an aquifer that has a water table.

Head, static.--The height above a standard datum of the surface of a
column of water that can be supported by the static pressure at a
given point. The terms "head" and "water level" ars used
interchangeably in this report. The water level in a well
represents the composite head in the water-bearing materials open
to the well bore.

Hydraulic conductivity.--The hydraulic conductivity of a medium is the
volume of water at the existing kinematic viscosity that will move
in unit time under a unit hydraulic gradient through a unit area
measured at right angles to the direction of flow.

Hydrogeologic map.--A map that illustrates geologic formations or groups
of formations with reference to their hydraulic properties.

Injection well.--A well into which a fluid is pumped or drained (such as
wells used to increase the yield of other wells in an area or to
dispose of fluids in the subsurface environment).

National Geodetic Vertical Datum of 1929 (NGVD of 1929).--A geodetic
datum derived from a general adjustment of the first-order level
nets of both the United States and Canada, formerly called mean sea
level,

Permeability.-~The permeability of a rock or soil is a measure of its
ability to transmit fluid, such as water, under a hydraulic
gradient. Quantitatively referred to as hydraulic conductivity.

Porosity.--The porosity of a rock or sediment is its property of
containing interstices (voids) and may be expressad quantitatively
as the ratio of the volume of the interstices to the total volume.
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Potentiometric surface.--As related to an aquifer, it is defined by the
levels to which water will rise in tightly cased walls. Where the
head varies appreciably with depth in the aquifer, a potentiometric
surface is meaningful only if it describes the static head along a
particular specified surface or stratum in that aquifer. More than
one potentiometric surface is then required to describe the
distribution of head.

Saturated thickness.--The thickness of the saturated part of a g2dlogic
formation or group of formations.

Specific capacity.--The rate of discharge of water from a wall divided
by the drawdown of the water level in the well. If the specific
capacity is constant except for the variation with time, it is
roughly proportional to the transmissivity of the aquifer.

Storage coefficient.--The volume of water an aquifer rzaleases from or
takes into storage per unit surface area of the aquifer per unit
change in head,

Transmissivity.--The rate at which water of prevailing kinematic
viscosity is transmitted through a unit width of the aquifer under
a unit hydraulic gradient. |t is equal to an integration of the
hydraulic conductivities across the saturated part of the aquifer
perpendicular to the flow paths.

Water table.--That surface in a ground-water body at which the water
pressure is atmospheric. |t is defined by the levels at which
water stands in wells that peneterate the water body just far
enough to hold standing water.
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A DESCRIPTION OF AQUIFER UNITS IN EASTERN OREGON

By Joseph B. Gonthier

ABSTRACT

Geologic formations in Oregon, east of the crest of the Cascade
Range, have been grouped, according to similarities in their
hydrogeologic and geologic properties, into six major aquifer units.

Two of the units, the igneous and metamorphic and the older volcanic
aquifers, are low-permeability aquifers, have hydraulic conductivities
generally less than 1 foot per day, and are generally capable of
yielding only a few gallons per minute to wells. These are important
aquifer units, nevertheless, because they are the only economical source
of domestic water present in east-central Oregon where they crop

out.

Four of the aquifer units contain beds or zones of
high-permeability materials with hydraulic conductivities that commonly
range between 5 and 50 feet per day. In many locallities where these
units are present, they are capable of yielding 200 gallons per minute
or more to wells, These productive aquifer units are the basalt,
volcanic and sedimentary, sedimentary, and basin-fill and alluvial
aquifers.

North of the Blue Mountains, the basalt aquifers are part of the
Columbia Basalt Group, a major aquifer of regional extent; in that area
heavy withdrawals, chiefly for irrigation, have resulted in regional
ground-water level declines. South of the Blue Mountains, basalt
aquifers underlie rugged terrane, are not developed, and littl2 is known
about their hydraulic properties. Other major aquifer units are heavily
developed in localized areas or in basins throughout eastern Oregon.

Each of the aquifer units generally yields good quality water with
concentrations of dissolved solids less than 500 milligrams per liter.
The basin-fill and alluvial aquifers, mapped in the southern half of
eastern Qregon, may be overlain by playa lakes and shallow playa
sediments that may contain water with concentrations of dissolved solids
that exceed 10,000 milligrams per liter. Commonly, deeper ground water
beneath a playa is of good quality.



INTRODUCT ION

In 1975, under the authority of the Safe Drinking Water Act, the
U.S. Environmental Protection Agency (EPA) began development of a
program designed to protect the Nation's underground sourcas of
drinking-water supply from contaminants injected into the subsurface.
Regulations of the EPA Underground Injection Control Program (UIC)
state that any aquifer containing water with fewer than 10,000 mg/L
(milligrams per liter) of dissolved solids is to be protected.

In Oregon the EPA asked the U.S. Geological Survey to prepare
reports that summarize the available hydrogeologic and water-quality
information that will aid in the evaluation of proposals for underground
injection of liquid wastes. This report summarizes information for
aquifers in Oregon east of the crest of the Cascade Range (fig. 1). An
earlier report by McFarland (1982) describes aquifers in the state west
of the Cascade crest.

Objectives of this study are (1) to delineate and describe major
aquifers, (2) to identify aquifers containing water with
dissolved-solids concentrations exceeding 10,000 mg/L, (3) to evaluate
methods by which the area of review may be estimated for proposed
injection wells in eastern Oregon, and (4) to provide very general
ground-water use information.

The "area of raview" is defined by the EPA as "*¥* +hat area the
radius of which is the lateral distance from an injection well pattern
in which pressure changes resulting from th2 injection oparation may
cause the migration of the injection and (or) formation fluid into an
underground source of drinking water" (U.S. Environmental Protection
Agency, 1983).

During preparation of this report and preparation of the report for
western Oregon (McFarland, 1982), it became apparent that hydrogeologic
data in Oregon are inadequate for making reliable estimates of tha "area
of review" at any locality without first obtaining site-specific data.
Extremely rough preliminary calculations of the sizs of the area of
review can be made using data tabulated in this report, in conjunction
with mathematical equations for predicting pressure buildup due to fluid
injection in aquifers. It should be emphasized that only site-specific
data will accurately define the siz2 of the area that can b2 affected by
pressure buildup due to fluid injection. The equations, explanations of
their use, and their limitations are found in "Radius of Pressure
Influence of Injection Wells" by Warner and others (1979). A detailed
discussion of underground injection is found in "An Introduction to the
Technology of Subsurface Wastewater Injection'" by Warner and Lehr
(1977). Both of the above EPA publications are recommendad for a2
reader who has more than a casual interest in the subjact.



























Table 2.--Types of ground-water use and general water quality in eastern Oregon aquifers

({Ground-water use: D, domestic and stock; |, irrigation; IND, industrial; PS, public supply]

Ground-water quality

Ground-water use Dissolved solids

Locafions Number
of largest General remarks of
Aquifers withdrawals Principal uses on water use sites Range Median General comments

Basin-fili and
altuvial

Sedimentary

Harney Valley

Fort Rock-Christmas
Lake Valley

Lakeview area

Vale-Ontario area

Ordnance-Hermiston
area

Mil fon-Freewater

Grande Ronde Valley

In south half of area
this unit and
underlying vsa aquifer
are most heavily pumped
aquifers.

Mapped in north part of
area. Use for
irrigation is very
heavy in Ordnance-~

Saline water and soluble
evaporite beds in and beneath
playas may be source of
highly mineralized ground
water. Shallow depth to
water table makes aquifer
sensitive to degradation
from iiquid or solid waste
leachates.

Localities where water table is
shallow may be especially
sensitive to degradation from
liquid and solld waste

Baker Vvalley Hermiston area and ieachates.
Prineville PS, IND,D Mi | ton-Freewater
area where springs
discharging from
this unit suppiy
large quantities of
water.
Volcanic and
sedimentary Harney Vvalley 1,PS,D Mapped in wastern and Some wells located near playas
Fort Rock-Christmas southern part of could induce flows of saline
Lake Vailey | area; heavily used water from shallow deposits
Klamath County 1 in indicated area; in contact with piayas. In
Lakeview i suppiies domestic geothermal areas may contain
Bend-Redmond PS, | need elsewhere. mineralized warm to hot
Vale-Ontario area t,IND,D waters. Some volcanic tuffs
end deposits derived from
volcanic vent areas may
contaln excessive
concentrations of arsenic and
boron.
Basalt Umatilla County | Heavy use is Deeper units in aquifer may
Morrow County 1 concentrated in contain Tncreasing
Wasco County 1, IND,PS selected parts of concentrations of sodium ions
Grande Ronde Valley 1,PS indicated counties that may impalr use of water
Mifton-Freewater 1,PS or areas; use for tor some purposes.
irrigation is more
widely dispersed
outside these
selected areas. Is
source of domestic
water in most of
outcrop area.
Older volcanic John Day Basin
(dispersed) D Source of domestic Suitable source of potable
supply for most domestic and stock water.
residents; in
outcropping areas,
ovarall use smal!l,
Igneous and
Metamorphic Blue Mountains D Source of domestic Suitable source of potable

supply for most
residents; in
outcropping areas,
overall use small,

domestic and stock water.

1"



A few rock types in this aquifer could have relatively high
permeabilities in comparison to other units. For example, soluble
limestone and marble are present locally and may be somewhat more
permeable due fo enlargement of solution openings. Two small areas
included in the igneous and metamorphic aquifers in eastern Crook County
actually consist of unmetamorphosed Cretaceous sadimeatary rocks,
Because these units may contain some primary porosity, thay may be
slightly more permeable and productive than the crystalline igneous and
metamorphic rocks with which they are included.

Igneous and metamorphic aquifers crop out in mountain ranges where
the topography is rugged and not suited for agriculture. These rocks
are deeply buried beneath younger aquifer units in the ~2nainder of the
area and are not an economical source of water. Dissolved solids in
water from 11 sampling sites In the igneous and metamorphic aquifers
range from 100 to 1,420 mg/L; the median value was 297 mg/L. Water from
wells less than a few hundred feet deep can be expected to be of good
quality, suitable for drinking water supply. No water-quality data are
available for deep wells.

Older Volcanic Aquifers

Rocks grouped into the older volcanic aquifer unit consist of
low-permeability Tertiary andesite, dacite, and tuffaceous siltstone,
mudstone, and rhyolite to dacite tuffs. This aquifer unit includes
the Eocene-0ligocene Clarno Formation, the Ol igocene-Miocene John Day
Formation, and some uncertain but probable stratigraphic equivalents in
south-central and southeastern Oragon. Outcropping areas of the
aquifers are shown on plate 1. Low permeability of these rocks is in
part due to weathering and to alteration of minerals in the volcanic and
volcaniclastic materials to clay. Water from the older volcanic
aquifers is generally of good quality. Dissolved solids in water from
29 sampling sites in the aquifer rangad from 96 to 1,100 mg/L; the
median value was 223 mg/L.

Basalt Aquifers

Rocks grouped into this aquifer unit are chiefly of Miocene age,
but may include some Pliocene age basalt and basaltic andesite. The
unit also includes some Miocene age rhyolitic rocks and sediments in
southeastern Oregon east of the Steens Mountains (pl, 1). Because
basalt is one of the most ubiquitous rock types cropping out in eastern
Oregon and because all basalt in Or2qon is not included in this aquifer
unit, the name basalt aquifers may be somewhat misleading to the reader.
Most of the formations included under this aquifer designation are
listed in tables 4 and 6 and the names of the formations are shown where
possible on plate 1. Little is known about the hydrologic properties of
the rocks included in this aquifer unit south of the Blue Mountains
hecause there are few wells completed in that area, much of which is
mountainous and unsuited for aquifer development. For this reason the
discussion of the basalt aquifers that follows is mostly about the
Columbia River Basalt Group and related sedimentary interbeds north of
the Blue Mountains.
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The Columbia River Basalt Group is the formal geologic name applied to
several interrelated Miocene formations consisting of basalt lava flows that
underlie the Columbia River Plateau. The Plateau covers over 50,000 square
miles of eastern Washington, western ldaho, and northeastern Oregon. The
Oregon part of the Columbia River Plateau is referred to as the
Deschutes-Umatilla Plateau (fig. 1). The basalt was erupted from volcanic
vent systems in northeastern Oregon and southeastern Washington. Within much
of the Deschutes-Umatilla Plateau in Oregon, the basalt is a continuous unit
that locally exceeds several thousand feet in thickness. The upper 1,500
feet or so of the basalt is developed as a source of water for irrigation and
other uses in several areas.

Localities in eastern Oregon where the basalt is heavily developed as a
source of supply are in northern Morrow County, northwestern Umatilla County,
northern Wasco County, the areas around Pendleton, Athena, Milton-Freewater,
and in the Grande Ronde Valley in Union County. Irrigation wells completed
in" the basalt in each of these areas typically yield between 500 and 2,000
gallons per minute and total dissolved solids concentrations are generally
fess than 500 mg/L. Withdrawal from the basalt aquifers within the
Deschutes-Umatilla Plateau has caused significant regional ground-water
declines and local water-level declines in excess of 300 feet. These
declines are the combined result of excessive ground-water withdrawals, close
spacing of withdrawal wells, low storage capacity of the basalt, low
recharge, and low vertical permeability.

The hydrology of the basalt aquifer is complex and ground-water flow in
the system, both on a local and a regional scale, is strongly influenced by
geologic structures such as folds and faults and by permeability differences
among the stratigraphic units. Recent mapping of the basalt by numerous
workers (Swanson and others, 1981) has led fto an improved understanding of
the basalt aquifer system and studies are underway in Washington and Oregon
to unravel the hydrogeologic complexities of this major interstate aquifer.

The basalt in the upland areas of the Deschutes-Umatilla Plateau and the
eastern Blue Mountains is deeply dissected by the Deschutes, John Day,
Umatilla, Grande Ronde, and !mnaha Rivers, and their tfributaries. Beneath
the dissected plateaus, the regional ground-water flow system lies as much as
several hundred feet below the surface. However, small quantities of water
are commonly obtained from relatively shallow local flow systems or from
perched zones in the basalt in most of these areas. In the lowlands of
principal valleys and elsewhere, flowing wells were and are still present,
but in areas where pumpage is significant, flowing wells completed in the
basalt are less common.

Because there is a great thickness of untapped basalt aquifer present
beneath the Deschutes-Umatilla Plateau, much additional water is in storage
and could be withdrawn from the aquifer system. Increased withdrawals will
result in accelerated drawdowns and water-level declines, especially if wells
continue to be closely spaced. Much larger spacings between pumping wells
and greater cooperation, planning, and management among the users of this
resource will be required to optimize yields and minimize drawdowns in the
plateau.
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As wells in the basalt are deepened, it can be anticipated that a
greater percentage of the water pumped will represent older and perhaps more
mineralized water than that previously withdrawn. |In eastern Washington,
development of the Columbia River basalt at increasing depths has resulted in
a progressive increase in concentrations of sodium ions in some of the
waters. High sodium ion concentrations in irrigation waters may become a
problem as a component of total salinity and may contribute directiy to
breakdown of soil structure and reduction of infiltration rates. Dissolved
solids in water from 187 sampling sites in the Columbia River Basalt aquifer
ranged from 50 to 695 mg/L; the median value was 238 mg/L.

Volcanic and Sedimentary Aquifers

The volcanic and sedimentary aquifers, extending from the High Cascades
in the northwestern part of the area to the Owyhee Uplands in the southeast,
include numerous distinct formations (pl. 1). The aquifer unit consists of
interlayered volcanic and sedimentary rock; however, volcaniclastic and
sedimentary materials probably are more abundant than flow rocks in lowland
structural basin areas. In intervening uplands, basaltic and andesitic flows
are more abundant.

Regional stratigraphic and structural relationships among the individual
rock units included in this aquifer tend fo be obscure because the volcanic
rocks have been erupted from countless exposed and buried volcanic vents
scattered throughout the outcrop area. These aquifers have been pumped
extensively for irrigation in most of the basins in the region.

In the High Cascades, a region dominated by major stratovolcanoes such
as Mt., Hood, Mt. Jefferson, and the Three Sisters, the aquifer unit consists
of huge volumes of Cenozoic andesitic lava and pyroclastic debris, with minor
glacial deposits. Recharge from the abundant precipitation infiltrates
easily into these porous rocks and is ultimately discharged to nearby
streams, in the Klamath and Deschutes River systems on the east side of the
Cascades, or to western Oregon streams. Elsewhere in arid eastern Oregon,
recharge fo volcanic and sedimentary aquifers is much less than it is beneath
the High Cascades.

Rocks of the High Cascades merge and interfinger with rocks of the High
Lava Plains and the Basin and Range regions along the east side of the
Cascades., |In the plateaulike area near LaPine and Chemult in northern
Klamath County, the topography of the High Cascades and each adjacent region
is similar.

Few wells have been drilled in the High Cascades; consequently, littie
is known about the water-bearing properties of rocks in that area. Large
volumes of ground water are present in permeable beds at relatively shallow
depths along the east flank of the High Cascades between Sisters and Crater
Lake National Park., High sustained flows of the headwater streams in the
upper Deschutes River result from ground-water discharge from volcanic and
sedimentary aquifers and from snowmelt runoff. Beneath the highest ridges
and volcanic peaks, the regional water table can be expected to be at great
depths beneath +he land surface.
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Volcanic and sedimentary rock aquifers are the principal aquifer
unit in the Bend-Redmond area, located in the High Lava Plains province
at the west end of the Brother's Fault Zone at the junction between the
Blue Mountains and High Cascade regions. The hydrology of the
Bend-Redmond area is unique and gives some insight into the hydrogeology
of the more sparsely poputated High Lava Plain and Basin and Range
regions southeast and south of Bend, where data are scarce.

The rocks at the surface in the Bend-Redmond area are chiefly thin
Quaternary and Tertiary basaltic and andesitic lava beds that overlie as
much as several hundred feet of unsaturated volcaniclastic deposits,
sediments, and minor lava flows of the Deschutes Formation (so called by
some authors; designated Madras Formation by the U.S. Geological
Survey). The topography is relatively flat and is broken only by a few
volcanic buttes and by narrow canyons of the Deschutes and Crooked
Rivers, which in places are incised a few hundred feet below the general
land surface. Although there is little relief in the area, the depth of
the regional water table at Bend is more than 500 feet; whereas, at
Redmond, 17 miles north, it is between 200 and 300 feet owing to the
general northward slope of the land surface. General ground-water
movement in the area is from south to north and this water is eventually
discharged from major springs in deep canyons of the Deschutes and
Crooked Rivers near the Deschutes-Jefferson County line (pl. 3).

After deposition of the volcaniclastic rocks and sediments of the
Deschutes Formation, deep, narrow canyons were eroded into the Deschutes
Formation by the ancestral Deschutes River system. This canyon-cutting
process drained much of the ground water originally contained in the
Deschutes Formation. Later, the ancestral canyons were refilled by lava
erupted from fissuras and vents located south and southeast of Bend.
This process may have been repeated more than once. In the area east of
Bend and south of Redmond, the lava completely filled and overflowed the
ancestral valleys and buried them. North of Redmond, the ancestral
canyons are only partly filled.

Wells penetrating the regional water table in the Bend-Redmond area
obtain their water chiefly from volcaniclastic rocks and sediment,
al though many tap lava beds. Many wells in the Bend-Redmond area are
capable of yields in excess of 500 gallons per minute; however, owing to
the large depth to water, the cost of pumping is high.

Hydrogeologic conditions, similar to those described for the
Bend-Redmond area, are possible in volcanic and sedimentary aquifers in
other parts of the High Lava Plains and at the northern edge of the
Basin and Range region.

The High Lava Plains |ie on the surface-water divide between the
Deschutes~Crooked River basins and the closed basins of the Basin and
Range. Ground-water divides probably underlie surface-water basin
divides in this area; however, their actual map positions may not
coincide exactly. |In a large part of the High Lava Plain, the depth to
the regional water table is as much as several hundred feet beneath the
general surface of the Plain.
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Occurrences of shallow perched ground water or shallow local flow
systems may be common., Water-level data from the Bend area suggest that
the numerous faults beneath the High Lava Plain may not significantly
disrupt the ground-water flow beneath the area.

The low relief of the High Lava Plain gradually changes southward
into the Basin and Range, where the narrow, high, fault-bound ridges
stand in sharp contrast to adjoining flat-floored sediment-filled
basins. In the basins, the volcanic and sedimentary aquifers are
several hundred feet thick or more and are overlain by a younger,
thinner basin-fill and alluvial aquifer from which it is not easily
differentiated. Permeable unconsolidated and consolidated beds in
either unit in the basins are capable of yielding more than 250 gallons
per minute of ground water to wells. Both aquifers are being heavily
pumped in Harney Valley, Fort Rock-Christmas Lake Valley, the Lakeview
area, the Vale-Ontario area, and Klamath County. The concentration of
dissolved solids in water samples from 260 sampling sites in volcanic
and sedimentary aquifers ranged from 32 to 2,800 mg/L; the median value
was 171 mg/L. Each of the basins may contain playas and (or) soluble
evaporite deposits that may contain, or be the source of, highly
mineralized saline water with concentrations of dissolved solids in
excess of 10,000 mg/L.

Sedimentary Aquifers

These aquifers have been delineated as a separate unit only in the
northern half of eastern Oregon where it is generally underliain by
basalt of the Columbia River Basalt Group (pl. 1). The aquifer unit
consists of Miocene to Holocene tuffaceous sediments, including
facustrine, fluvial, glaciofluvial, morainal, alluvial, loess,
valley-fill deposits, and minor amounts of basalt. The unit includes
several separate formations; however, at any one location, only one or
two formations are generally present. Generally, the best water-bearing
beds within these aquifers are the unconsolidated sand or gravel and the
best water-bearing units in consolidated and semiconsolidated rock are
sandstone beds. The total thickness of the aquifers in places exceeds
1,000 feet. In northern Wasco County, the Chenoweth Formation of the
Dal les Group (Farooqui and others, 1981), designated the Dalles
Formation by the U.S. Geological Survey, is over 600 feet thick locally.
Fluvio-lacustrine deposits overlying basalt in the Grande Ronde Valley,
may be more than 2,000 feet thick in places. Smaller thicknesses of
sediments are present in the Baker area, the Walla Walla Valley near
Milton-Freewater, and in the Wallowa-Enterprise area.

The saturated thickness of the sedimentary aquifers is greatest in
the Grande Ronde Valley, Milton-Freewater, Baker, Tygh Valley, and
Wallowa-Enterprise areas, where the water table is shallow and the
saturated thickness is almost equivalent to the total thickness of the
deposits. In much of Wasco, Morrow, and Umatilla Counties, these
deposits are upland plateaus and tend to be largely unsaturated. In
most of the upland areas, the sedimentary deposits are not a major
aquifer unit.
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In the Hermiston-Ordnance area in Townships 4 to 6 south and Ranges 27
and 29 east, numerous high-capacity wells have been developed in a
shallow sand and gravel aquifer. The aquifer underlies about 70 square
miles, is less than 200 feet thick, and is recharged by precipitation,
seepage from irrigation ditches and streams, and infiltration of excess
irrigation waters. Thin unmapped deposits of alluvium are present along
most streams of the region. The concentration of dissolved solids from
116 sites sampled in sedimentary aquifers ranged from 50 to 1,065 mg/L
and the median value was 180 mg/L.

Basin-fill and Alluvial Aquifers

Basin-fill and alluvial aquifers are delineated as an aquifer unit
in the southern half of eastern Oregon (p!. 1). |In that area, the
basin-fill and alluvial aquifers outline and underlie the flat floors of
the major basins. Commonly, these basins also contain playas which
contain saline water and soluble evaporite deposits. Basin-fill and
alluvial aquifers are comprised of sediments and include alluvium,
lacustrine, volcanic, and windblown deposits; they consist of clay,
silt, sand, gravel, ash, cinders, pumice, diatomite, evaporite beds, and
minor lava flows. Most of these materials were deposited during the
Pleistocene glacial epoch in large lakes that once occupied most of the
structural basins. Because the present climate is drier compared to the
Pleistocene, the lakes have evaporated and shrunk in size or
disappeared. The dissolved solids in water samples from 73 sites in
this aquifer ranged from 40 to 3,640 mg/L; the median value was 212
mg/L. Water in the playa lakes commonly has dissolved-solids
concentrations greater than 10,000 mg/L.

Most of the materials in this aquifer unit are unconsolidated to
semiconsolidated. The best water-yielding beds are the unconsol idated
sand and gravel or cinder beds. Shallow permeable sand and gravel
deposits commonly are localized at the basin edges where the principal
streams enter the basins.

Basin-fill and alluvial aquifer sediments are commonly thin
compared to the underlying volcanic and sedimentary aquifers.
Generally, in basins where both units are present and developed for
water supplies, they will respond to pumping stresses as a single
hydraulically interconnected aquifer system. Sand and gravel beds in
the basin-fill and alluvial aquifers are heavily developed in the
northeast side of Harney Valley near the Silvies River. High=capacity
wells in this aquifer commonly yield 300 to 1,000 gallons per minute.

Relation Between Aquifer Units in Eastern and Western Oregon

The general relationships among the aquifer units delineated in
eastern Oregon in this report and those delineated by McFarland (1982)
in western Oregon are diagrammatically depicted in table 3. The chart
does not depict accurately the stratigraphic relationships between or
within each area, nor is it intended to imply hydraulic interconnections
between units or areas.
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Table 3.--Relation of aquifer units delineated in eastern Oregon to

those delineated in western Oregon

of the High Cascades

vsa

WESTERN OREGON AQUIFER UNITS EASTERN OREGON AQUIFER UNITS
(McFarland, 1982) (This report)
~ Unit ~ Unitll baa sa
Ie%’itrﬁ;xgrl;aéee?gsri\{s Tersg[génoi‘éartgéisry Basinfill and alluvial aquifers Sedimentary aquifers

Volcanic and sedimentary aquifers

| Unit IV N\ /
Columbia River Basalt Group / \

ba
Basalt aquifers

Unit V Unit 111
Tertiary rocks Tertiary volcanic rocks
of the Coast Ranges of the Western Cascades

ova
Older volcanic aquifers

Unit VI N\
Granitic saprolite
of the Klamath Mountains /

Unit VII
Paleozoic-Mesozoic bedrock
of the Klamath Mountains

ima
Igneous and metamorphic
aquifers

McFarland's Unit VII, the Paleozoic-Mesozoic bedrock of the Klamath
Mountains, and the igneous and metamorphic aquifers of this report
include the oldest rocks in western and eastern Oregon respectively;
they are hydrologically similar in that they are both low-permeability
units. They include suites of similar rock types consisting chiefly of
complexly folded and faulted metamorphic and igneous rocks, and each
represents a similar range of geologic ages. The origin of the two
units, however, is markedly different. The 40 square miles of igneous
and metamorphic aquifers shown in the extreme southwest corner of plate

1 are actually a continuation of McFarland's Unit VII.

McFarland also

delineated a granitic saprolitfe aquifer, Unit VI, in southwestern
Oregon, which consists of granular fragments of Mesozoic granite and
granodiorite derived by in-place weathering of those rocks. The
saprolite is a surficial deposit that overlies the granite and is
commonly in contact with Unit I, the Tertiary-Quaternary sedimentary
deposits. Where the saprolite and Unit | are in contact, they may
actually behave as a single interconnected aquifer. No lithologically

similar unit has been identified in eastern Oregon.
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In wastern Oregon, McFarland's Unit 111, the Tertiary volcanic
rocks of the western Cascades, are a continental facies of Unit V, the
Tertiary marine rocks of the Coast Range. Both these units, in turn,
span a range of geologic time similar fo the older volcanic aquifers of
eastern Oregon. These units are hydrologically similar because of their
low permeability. The outcrop mapped as older volcanic aquifers near
the southwest corner of plate 1 is actually a continuation of
McFarland's Unit |11, the Tertiary volcanic rocks of the western
Cascades, and is included with the older volcanic aquifers in this
report for the sake of simplicity.

Basalt aquifers of this report are equivalent to McFarland's Unit
IV, the Columbia River Basal+t Group, which crops out in northwestern
Oregon. The units are interconnected in the subsurface beneath the
Cascades; the Cascades probably form a major surface and ground-water
basin divide.

Volcanic and sedimentary aquifers of this report are a continuation
of and equivalent to McFarland's Unit |1, the Quaternary-Tertiary
volcanic rocks of the High Cascades. The difference in eastern Oregon
is that this unit is not restricted to the High Cascades region.

As defined in eastern Oregon, the sedimentary aquifers generally
overlie the Columbia River Basalt Group in the Deschutes-Umatilla
Plateau and in most of the Blue Mountains region. McFarland's Unit |,
the Tertiary-Quaternary sedimentary deposits, occupies a similar
stratigraphic position in the northern Willamette Valley, but outside of
that area in western Oregon the Columbia River Basalt Group is generally
absent.

Descriptive Information by Geographic Regions

Descriptive geologic and hydrogeologic data for eastern Oregon
aquifers are summarized in tables 4 through 7 at the end of this report.
Geologic information is found in tables 4 and 6 and hydrogeologic
information is in tables 5 an: 7. Geographic areas covered by tables 4
and 5 are the Deschutes-Umatilla Plateau and the Blue Mountains (fig.
1), and tables 6 and 7 contain similar information for the High
Cascades, High Lava Plains, Basin and Range, and Owyhee Uplands,

Most of the named geologic formations included in each aquiter
unit, the general lithologic character of the aquifer, its extent, and
typical structural setting within the geographic region are summarized
in tfables 4 and 6. Hydrogeologic information about the aquifer unit,
including estimates of hydraulic conductivity and transmissivity,
assessment of unconfined or confined conditions, and the amount of
ground-water recharge are contained in tables 5 and 7. This information
is based on available data, published reports, and the author's
judgement where data are lacking. Multiple values given for an aquifer
represent normal ranges for the designated locations. In all areas and
aquifer units, anomolous values have been excluded from the tables
because of their questionable validity.
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The data presented in the tables are from relatively shallow wells
completed in each aquifer system. Consequentiy, the estimated values
may be valid only for the developed portions of the aquifers. |+ can be
assumed that in most types of rocks, rock permeabilities decrease with
increased depth and that confined conditions will be most prevalent in
deeper parts of an aquifer unit,.

DISCUSSION

To predict the ultimate fate or destination of injected liquid
wastes or other potentially degrading substances, it is necessary to
know in detail the hydraulic properties, geometry, and boundaries of the
subsurface flow system in which it is emplaced. Injected wastes or
surface leachates that enter a ground-water flow system will migrate
downgradient from the emplacement site in response to injection well
pressures and to natural flow system gradients. In general, unless the
wastes are emplaced on or near a ground-water basin divide, the waste
plume will migrate laterally downgradient and be discharged back to
surface waters or to wells within the same basin in which it was
emplaced. This entire migration process may take a few days to several
centuries, depending upon the size and geometry of the flow system.

Emp lacement of objectionabie liquid wastes on or near a
ground-water basin divide may result in the unexpected migration of
wastes in more than one direction, thus impacting a larger area than
anticipated. |t also ensures that the wastes will follow the longest
flow paths possible to a discharge area and this leads to an increased
probability for subsurface diversion of the waste plume by pumping
wells,

During migration, wastes undergo biodegradation and can react with
the host fluids and rock materials and be decomposed, neutralized,
adsorbed, diluted, or remain unchanged until discharged.

Ground-water data are too sparse to accurately delineate all
ground-water basins and flow systems; the positions of the major
surface-water drainage basins and selected ma jor subbasins in eastern
Oregon are shown on the geohydrologic map (pl. 1). Generally
ground-water basins and flow systems in Oregon coincide closely with the
surface-water basins they underlie. In the author's judgement, one can
be most confident that this generality is true in areas where the
surface topography is mature and the permeability of the underlying
geologic units is uniform. |In eastern Oregon, such areas are in the
Wallowa Mountains and in much of the John Day Basin. In much of the
remainder of eastern Oregon, however, one can be less confident that all
surface- and ground-water drainage basins coincide. These areas where
the surface and subsurface drainage basins do not coincide are briefly
described below and the queried arrows on the water-level contour map
(pl. 3) indicate other areas where there are uncertainties in the
position of the major ground-water basin divides and in the directions
of ground-water flow,
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A large part of the discharge of Metolius Springs, at the head of
the Metolius River near Camp Sherman in waestern Jefferson County, is
believed to be from underflow of ground water originating outside the
Metol ius River subbasin, in the Squaw Creek subbasin near Sisters. Both
subbasins are tributaries of the Deschutes River system. Similarly,
much of the discharge of Ana Spring that forms the headwaters of the Ana
River, in the Summer Lake closed basin, may be from underflow of ground
water originating outside the Summer Lake basin in the Silver Lake-Fort
Rock-Christmas Lake Valley area fo the north or from the west side of
Winter Rim.

In addition to the type of underflow mentioned above, natural
ground-water flow patterns can be altered by pumping water from or
injecting liquids into an aquifer system. Alteration of flow patterns
by pumping probably has occurred on a large scale in the basalt
aquifers, in northern Wasco and Morrow Counties, and in western Umatilla
County. In these areas, heavy pumpage for irrigation from the upper
1,500 feet of the aquifer system has resulted in major regional declines
of ground-water levels and possible diversions of ground water from the
subbasins within the region into cones of depressions formed by pumping.
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EXPLANATION OF WELL-NUMBERING SYSTEM

In this report, wells used in the geologic sections are designated
by symbols that indicate their locations. Two different well-numbering
systems have been used in Oregon since ground-water studies began, and
the newest system was adopted in 1972, Both numbering systems are used
in this report.

In both systems, the symbol or well number indicates the location
of the well or test hole by township, range, section, and its position
within the section. A graphic illustration of the systems is shown in
figure 4, The first numeral and letter of the symbol indicate the
township and its direction north or south from the Willamette Base Line;
the second, the range and its direction west or east of the Willamette
Meridian; and the third, the section in which the well is located and
the location of the well within the section.

The two well-numbering systems have different lettering systems to
locate a well within a section. The newest lettering system uses a
series of three lowercase letters (fig. 4). The first letter indicates
the quarter section (160 acres); the second, the quarter-quarter section
(40 acres); and a third, the quarter-quarter-quarter section (10 acres).
For example, well IN/2E-27dcc is in SWLSWLSEL sec. 27, T. 1 N,, R. 2 E,
The numbering system used before 1972 has a single capital letter to
indicate the location of a well within a section (fig. 4). The letter
indicates the quarter-quarter section (40 acres) in which the well is
located., For example, in the old well-numbering system, the well above
would be identified as 1N/2E-27Q. In both numbering systems, where two
or more wells are in the same subdivision of a section (that is, 10, 40,
or 160 acres), serial numbers are added after the letters (for example,
dec1 or Q1). Some of the wells used in the geologic sections have
abbreviated numbers because their exact location within the saection is
not known.
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Figure 4. — Well-numbering system.
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TABULATED HYDROGEOLOGIC INFORMATION
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Table 4.--Description of aquifer units underlying the Deschutes-Umatilla Plateau and Blue Mountains region of eastern Oregon

Formations Thickness
(Era) and Map included range Lithologjc description Structural
period Epoch Aquifer symbo! in aquifer (feet) and areal distribution setting
(Cenozoic) Holocene Sedimentary sa Touchet beds of 0-2,000 Clay, silt, sand, gravel, conglomerate, volcanic Horizontal to gently
Quaternary to Flint, 1938 agglomerate, tuff, and basalt; unconsolidated dipping and gently
and Miocene Palouse Formation to consolidated. Thin unconsolidated alluvium folded.
Tertiary Dafles Group is present beneath most streambeds and flood
of Farooqui plains, but Is shown only along largest streams.
and others, Chenoweth Formation and Tygh Valliey Formation in
1981 (designated Wasco County consist chiefly of indurated
Dalles Formation by agglomerate and tuff with minor basalt. Alkali
U.S. Geological Canyon Formation is present in Arlington Basin
Survey) on plateau surface between the Deschutes River
Chenowith Formation and Hermiston and may underiie glaciof!luvial
Tygh Vailey Formation material, loess, and alluvium in lowlands in
Alkali Canyon Formation parts of Hermiston-Boardman area. McKay
McKay Formation Formation Is mostly indurated, pooriy sorted,
Selah Member of former cobble gravei, east and south of Pendleton.
usage (designated Large part of area east of Holdman and north
Beverly Member by ot Pendlaton is unsaturated windblown loess.
U.S. Geological Locally near Ordnance and Hermiston saturated
Survey) of the sand and grave! beds exceed 100 feet and are
Ellensburg Formnation heavily developed for irrigation. In Grande
Ronde Valley as much as 2,000 feet of
saturated alluvium and lacustrine deposits
consisting primarily of sand and clay are
present. Sand is present in the upper 300
feet ot these deposits and coarse-grained
permeable alluvial fan deposits are present
near principal inflowing streams at valley
margin. [n Baker Valley, more than 500
feet of saturated fluviolacustrine deposits
are present and include signiticant amounts
ot permeable coarse-grained material.
Deposits at Enterprise include glaciotluvial,
ground moraine, and alluvial materials. Near
Mit+on-Freewater as much as 300 feet of gravel
overlie clay. The gravel is the source
aquifer of many large springs.
Tertiary Miocene Basalt ba Columbia River Basalt Group 0-5,000 Accordantly layered flows of dense basaltic Faulted and gently
Yakima Basalt Subgroup tava. Individual flows range from 10 to folded, many
Saddle Mountains Basalt 200 feet and average 80 feet. Some monoclinal tolds
Elephant Mountain Member sedimentary interbeds, mostly fine grained; and flexures.
Pomona Member it is not known yet if these sedimentary
Umatilla Member beds are significant aquiters or confining
Wanapum Basal t beds in Oregon. Basalt, andesite, rhyolite,
Priest Rapids Member and breccia in the Strawberry Mountains.
Roza Member North of the Slue Mountains anticline the
Frenchman Springs Member basalt is a major regional aquitfer that
Grande Ronde Basalt extends into Washington and Idaho. South
Picture Gorge Basalt of the anticline only the oldest basalt
Imnaha Basalt tormations of the Columbia River Basalt Group
Strawberry Volcanics are present. In general little is known
about units to the south because they crop
out in rugged uplands and development is
limited.
Tertiary Miocene Older volcanic ova John Day Formation 1,000-1,500 Andesite, rhyolite, dacite and basalt flows, Subhorizontal to
to aquifers Clarno Formation breccia, tutt, tuffaceous mudstone, gently folded.
Eocene siltstone, sandstone and conglomerate.
Some intrusives, fossiliferous., Outcrops
in Blue Mountains region, in Mutton, Ochoco
and Maury Mountains,
(Mesozoic) Igneous and ima Hudspeth Formation of 100,>20,000 Metasedimentary, metavolcanic and intrusive Folded, faulted.
and metamorphic Wilkinson and Oles, igneous rocks, with some unmetamorphosed
(Paleozoic) 1968 sedimentary unlts in western part of
Cretaceous Trowbride Formation John Day Baslin. The sedimentary rocks
to Snowshoa Formation consist of mudstone, siitstone, argiltlite,
Devonian? Weberg Member and |imestone with minor chert in each unit.

Mowich Group
Hyde Formation
Nicely Formation
Suplee Formation
Roberson Formation
Hurwal Formation

Martin Bridge Limestone
Canyon Mountain Complex

Saven Devils Group

Clover Creek Greenstone
€lkhorn Ridge Arqillite

Burnt River Schist

Elsewhere, deformed metamorphic rocks include
complex melange deposits, serpentine,
peridolite, sheeted dike rock, gabbro, schist,
phyllite, basai+t, diabase, volcanic tuff,
granitic intrusive rocks, and greenstone.
Collectively these rocks form cores of
sparsely populated major and minor mountain
ranges within the Blue Mountains. North and
south of the 3lue Blue Mountains these units
are overlain by thick deposits of younger
rocks except in the Pueblo Mountains in
southeast Oregon.

36



Table 5.--Hydrogeologic properties of aquifer units undertying the Deschutes-Umatilla
Plateau and Blue Mountains regions of eastern Oregon

Characteristics of aquifer units

Estimated Hydraulic properties (estimated)
annual Condition  Specific Hydraulic Trans-
Map recharge Hydrogeologic Type of of capacity conductivity missivity
Aquifers symbol Hydrogeology (inches) boundaries porosity occurrence [(gal/min)/ft] (ft/d) (f+%/d)
Sedimentary sa Unconsol idated sand and gravel beds in 1 to 4 Top: water Inter- Unconfined 100-250 300-1,000 10,000-250,000
this unit are best aquifers; table or granuiar to (Hermiston- (Hermiston- (Hermiston-
sandstone beds are best aquifers in confining and confined Ordnance Ordnance Ordnance
semiconsolidated parts of unit. In beds minor Araa) Area) Area)
upland Plateau areas this unit may Bottom: fracture 5-10 (Grande 10-100 <1,000-10,000
be largely unsaturated whereas in confining in con- Ronde Valley) (Grande (Grande
lowlands or valley sites it is beds or sol idated 1.5-3 Ronde Ronde
generally saturated. In valley top of rocks (Wasco Valley) valley)
lowlands the aquifer is commonly in Columbia County) 10-50 <1,000-5,000
good hydraulic connection with River (Wasco (Wasco
surfaca water and irrigation ditches Basalt County) County)
and may lose water to or gain water Group
from them. Shallow ground water in Lateral:
unit is unconfined but may be wedges
confined in deeper aquifer beds. In out to
Hermiston-Ordnance area aquifer is zero
very permeable and many wells in this saturated
shallow al luvium are capable of yields thickness
of 2,000 gailons per minute or more.
Basalt ba Thin permeable interflow zones between <1-3 Top: table Tabular Confined 4-20 1-10 1,000-10,000
dense impermeable [ava flows readily table and to (see Hydro-
transmit ground water; fractures and Lateral: fracture unconfined geology)
joints also transmit water but the wedge to and
distribution of these openings in the zero thick- Joint
lava Is irreguiar. Vertical movement ness; openings
of water within system is smail, structural
Probably restricted by dense flow and strati-
centers. In upland recharge areas graphic
water may be as much as a few hundred barriers
feet below land surface. Where valleys Bottom:
are deeply eroded into the basalt, contact with
upper flows are breached and are underiying
hydraulically discontinuous. They units

contain perched ground water as well as
local flow systems overiying deeper
Intermediate and regional flow systems.
In these upland areas specific capacities
of most {arge capacity wells are less than
10 (gal/min)/ft (gallons per minute per
foot) of drawdown, whereas in less
dissected areas Intermediate and regional
flow systems are shallower and well
specific capacities generally range
between 20 and 60 (gal/min)/ft of draw-
down. At The Dalles wells tapping the
basalt in The Dalles ground-water
reservoir have specific capacities rang-
ing between 100 and 500 (gal/min)/ft of
drawdown (Grady, 1983). 1t is apparent
that the hydraulic properties of the
basalt aquifer range widely with basalt
formations but may also be strongly
controlled by geclogic structure and by
flow system variations. Typical wells
in the basalt yield between 500 and
1,000 gallons per minute.

Older ova Permeability of this unit is low through- <1-2 Top: water Fractures Confined <1 0.01-1.0 <1,000
volcanics out 1ts outcrop extent and in the sub- table and to

surface owing in part to alteration of Bottom: minor unconfined

volcanic minerals to ciay and to underiying inter-

deposition of secondary minerals in formations granular

fractures, Joints and other openings. Lateral:

Most wells yield less than 10 gallons wedges to

per minute. zero thick-

ness
Igneous ima Permeabiiity of this unit low through- <1-5 Top: water Fractures Unconfined <0.5 <0.01-1.0 <500
and out its outcrop extent. Unmetamor- table and and

metamorphic phosed sedimentary rock in western Bottom: minor confined

part of outcrop area may be slightly unknown Tnter-

more permeable than metamorphosed Lateral: granular

rocks in other areas. Marble and unknown and

limestone beds may be slightly more solution

permeable than adjacent beds owing openings

to solution openings in these rock
types. Except for the unmetamor-
phosed sediments, fracture and joint
openings should decrease in size and
frequency with depth below land
surface. Recharge to unit varies
widely owing to its presence in
cores of major and minor mountalin
ranges where precipitation is
greatest.
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Table 6.~-Descriptions of aquifer units underlying the High Cascades, High Lava Plain, Basin and Range, and Owyhee Upland reglons of eastern Oregon

Formations Thickness
(Era) and Map included range Lithologic description Structural
period Epoch Aquifers symbo! in aquiter (teat) and areal distribution setting
Quaternary Holocene Basin-fill baa Mount Mazama pumice 0-300 Clay, silt, sand, qravel some evaporite, Flat lying.
and and punice, ash, diatomite, and basalt;
Pleistocene aliuvial unconsolidated to semiconsolldated.
tncludes lacustrine, aliuvial,
pyroclastic, pediment, eolian, and
minor glacial deposits. Not readily
dittferentiated from underlying vsa
in most mapped areas because of
tithologic similarities. Most
deposits designated as baa mark
positions of extensive Pleistocene
lakes that have either partly
evaporated or have disappeared.
These beds are a major aquifer in
Harney Valley and Fort Rock-Chrlstmas
Vailey areas.
(Cenozic) Hoiocene Volcanic vsa Idaho Group 0.0~>13,000 Basalt, andesite, ash-flow tutf, breccias, Flat to sub-
Quaternary to and Shumuray Ranch Basatt mafic and silicic vent rocks, tuftfaceous horizontal cut by
and Mlocene sedimentary Or inkwatersBasait sadiments, clay, silt, sand, gravel, numerous faults
Tertiary Harney Formation pumice, and diatom!ta; semiconsolidated to and volcanic vents.
Hayes Butte Basalt consolidated. Includes most volcanic rocks
Yonna Formation ot the High Cascades as well as most unnamed
Rattlesnake Ash-flow Tutt and named units under!ylng these geographic
Orewsey Formation regions. Sediment and volcaniclastic rock
Prater Creek Ash~tflow Tutf apparently predominate in lowland baslnatl
Picture Rock Basait areas, whereas basaltic and andesitic lavas
Oeer Butte Formation 1/ are more abundant in upland and in vent
Bully Creek Formation 1/ areas. Mapped in High Cascades, High Lava
Fort Rock Formation Plains, Basin and Range, and Owyhee Uptands
Oeschutes Formation 2/ regions. In lowlands may not be easily
Juntura Formation of ditterentiated trom overlying Quaternary
Shotwell, 1963 sediment, Principal aquifer in Bend-Redmond
area, Klamath County, Fork Rock-Christmas
Lake Valley, Warner Valley, Lakeview area,
and Catlow Valley.
Tertiary Miocene Basait ba Jump Creek Rhyolite 0-5,000 Basai+ and andesite flows, flow breccia, Gentiy dipping and
Columbia River Basait Group mlnor tuffaceous Interbeds; in southeast cut by major
Mascali Formation part ot area includes, rhyolite and biock fauits.
Imnaha Basalt dacite tlows and tuftaceous sedimentary
Orip Spring Formation rock, tutt, welded tutt, and silicic
Trout Creek Formation ot vent rock. Formations and unnamed rock
Smith, 1926 units included under this designation
Littlefleld Basalt in southern halt ot area are approximate
Rhyolite at Owhyee Dam stratigraphic equivalents ot the Columbia
Ash-tiow tutts ot Owyhee River Basalt Group In north halt of area
Upland and tollow Walker's (1977) designations.
Steens Mountain Volcanics Ma Jor outcrops are in the Steens Mountains
Strawberry Volcanics and the Owyhee Upland where rhyolite and
Owyhee Basalt rhyoiitic tutts are aiso included in unlt.
Hunter Creek Basalt Data for entire area is sparse because
Sucker Creek Formation aquiter is targely undeveloped south ot the
Blue Mountains. Most outcrops are in
sparseiy populated uplands not well suited
tor agriculture, In basins, these units
are generaliy overiain by thick, younger,
permeable sediments and volcanics.
Tertiary Miocene Older ova Pike Cresk Formation 1,500-2,000 Altered siliceous and tuftaceous sediments, Gently dipping and
to volcanics tuft, tutf breccia, and rhyolite in faulted.
Eocene Alvord Valley area; andesitic tuffaceous
sandstones, tutf, tuff breccia, and
andesltic-basalt and dacite tlows In
Lakeview-Paisley area. Exposed in
rugged slopes and ravines in above
areas and overlain by thick younger
deposits elsaewhere,
(Mesozoic) Igneous and ima Undivided unknown Metamphosed sedimentary and volcanic rock Complexiy folded
and metamorphic of the Puebio Mountains includes; silicic and tautted.
(Paleozoic) grit, schist, hornfels, and intrusive
Cretaceous granodiorite and gneiss.
to
Devonian

0t Xittleman and others, 1965.

1/
Z/ Ot former usage designated Madras Formation by U.S. Geological Survey.
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Table 7.--Hydrogeologic properties of aquifer units underlying the High Cascades, High Lava Plalin,

Basin and Range, and Owyhse Upland regions of eastern Oregon

Characteristics of aquifer units

Estimated Hydraulic propartias (astimatad)
annual Conditions Speclfic lydrauTTc rans-
Map recharga Hydrogeologic Typa of of capacity conductivity missivity
Aquifers symbol Hydrogeology (inches) boundaries porosity occurrance [{gal/min)ft] (F+/d) (H42/dy
Basin-fill baa Coarse-grained sand, gravel, and 1-3 Top: water Intar- Pradomi- 5-30 25-150 1,000-15,000
and cindar beds within unit+ are best table granular  nantly
alluvial aquifers, commonly thesa ara most Bottom: some unconf inad
abundant near margin of basin near low fracture with
mouths of principle Inflowing permeability and sami-
streams. Cantral parts of basins deposits tabuiar confinad
are pradominantly fine-grained. |In within in lava conditions
most localities whare shown, this this unit tocally
unit outlinas major local to or in
ragional ground-water discharge areas. under-
Shaliow permeable bad may ba in good lying vsa
hydraulic connection with overlying Lateral:
surface waters and pumping them may wadges out
ravarsa flows and Induce surface to zero
watar Into the subsurtace. Evaporite thicknass
beds and playa lakas ara potential at basin
sources of saline waters. Raecharge margins
is from diract Infiltration of
pracipitation, from regional under-
flow, and from periodlc widaspread
flooding of basins floors.
Volcanic vsa As datfined in this raport the aquifer <1-20 Top: watar intar— Uncont inad 5-40 10-500 1,000-20,000
and undarlfas the High Cascades and most watar granular  to
sadimantary of the southarn part of the map araa. Bottom: and confinad
In the High Cascades, gsologically Top of ova fracture
youthful stratovolcanoes are the or ima
dominant physicai featuras and tha Lateral:
aquifer consists of a thick complex wadges to
assemblage of andesitic and dacitic zaro
lavas and pyroclastic debris with saturatad
soma glaciat materials. Large thickness
quantitias of pracipitation and snow-
ma!t runoff readily infiltrate thase
porous surficia! materials and
aventually are discharged to tribu-
taries of the Deschutes River or the
Klamath River in eastern Oraegon or to
wastern Oragon streams. Major and
minor springs ara common In the High
Cascades area; the water Issues from
and beneath intracanyon lava flows
and pyroclastic daposits underlying
the sumnits and ridges of the
Cascades. Evan though the aquifer is
heavily racharged In the High
Cascades, the ground water in it may
not be readily available to wells.
This may be due to the praesence of a
strong vertical component of
ground-watar tlow In the aquifer in
this major racharge area, In areas
outside the High Cascades,
praecipitation is much less and
aquifer recharge is very low. Per-
maable beds within the aquifer have
basn tapped by wells in each of the
basin areas in the southarn part of
the area, but is most heavily
davelopad In the Fort Rock-Christmas
Lake Vallay area, in Harney Va!lay,
and in basins in Klamath County.
Relativaly few parannial streams
in the ragion overlia this aquifer
because the water table llas deap
balow tha surfaca in most of the
area. See text for additional
discussion.

Basaly ba Hydrogeologic data Is sparsa for this <1-3 Top: Tabular Confinad no data no data no data
aquifar; however, ovarall water table fracturs soma
parmaeability and transmissivity Bottom: and unconf ined
probably are small compared to top of intar-

Columbia River Basal+ Group north ova or ima granuiar
of this area. By comparison the in sad-
individual geologic units included mantary
under this aquifer designation in bads
southeastern Oragon apparently

are less extensive and exhibit

greater local variations of thick-

ness and are cut by numarous faults

with targe vertical displacemants.

Together these factors probably

reduce the hydraulic continuity of

the aquifer. In most basins the

aquifer is deeply buried beneath

more parmeable thick youngar aquifer

units and Is not a source for water

supplias,

Qlder ova Quterops are in low buttes on east <1-2 Top: water Fracture Confined no data no data no data

volcanic side of Alvord Valley, in rugged table some
slopas on the east side of Steens Bottom: unconf inad
Mountains, at base of Abert Rim and top of ima
in Paislay Hills. Permeabilities Lateral:
ara low owing to altaration of wedgas to
minarals to clay. Deeply buried zero thick-
beneath thick younger aquifer ness in
units in other parts of place
southeastern Oregon. No data
available for unit.

Ignacus ima Outcrops only in rugged Pusblo Moun- <1-2 Top: water Fracture  Unconfined no data no data no data

and tains on wast side of southarn table to

metamorphic Alvord Valley. Parmeability tow, Bottom: confined
rocks are metamorphosad velcanics unknown
sadiments and intrusiva rocks. Lateral:
Fracture opanings probably dacrease unknown

in size and abundance with dapth
balow surface in unit. No data
available for unit,
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